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In wcekt ycakS. bone marrow transplant*, 
tion h«become Important in '^treatment or 
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conceivable on the basil of the available data 
that hemopoietic item edit migrate con- 
jtmily through the blood stream either to 
differentiate or die and thus leave the blood 
stem cell pool, or to return to hemopoietic 
niches wherever iherc It a local demand ror 
the restoration of hemopoietic activity. Ob- 
taining item eelli from the blood by means of 
a blood cell separator would have the distinct 
advantage over a bone marrow harvest, since 
(U eh contim>ous-ilow leukapheresis » gener- 
lily well tolerated and can be performed 
repeatedly on an outp.tlenl basil without the 
risks associated with anesthesia, or the dis- 
comfort following multiple bone marrow 

PU fn ntan It is not possible, as yet, to identify 
conclusively the pretence of pluripotent he- 
mopoietic stem cells In a blood mononuclear 
leukocyte suspension by means of morpho- 
logical or cell culture techniques. However, It 
it possible to identify colony-forming units 

iranulocytc/rnacrophage progemtor ceUs. 1 
h„ been conclusively demonstrated in dogs 
that there is a direct correlation between the 
number o CFUe in a blood mononuclear 

populate a radiation4nduced bone matte* 
^latla 1 II appears reasonable to «e the 
£S5»Us»of the number of CFUe mm 

Indicator for the presence of patent 
hemopoietic stem edit. 
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PC 3. Collection* and 
freczJng*bag lyitt m. t. Col* 
tccstf blooe JlUkocyu sus- 
pension, b. 205 DMSO in 
$0 mi medium, c. Autolo- 
gous plums, stored ei ^20C. 
d. Frecsingbtg. ISO ml 



ITht bag system developed contliu of commer- 
dally available pltttlc bags§ of different sites 
| (130,600 and 1 ,000 ml) and of a freezing bast) (200 
1 ml). The bags are connected to each other by 
{ integral plastic tubing 10 shown in Figure* 2 and 3. 
To guarantee absolute sterility the bag lyiUmi 
*ire irradiated in toto uiing a dose of 3.5 Mrad 
from an electron linear accelerator. The leukocyte 
1 suspension derived from the blood cell separator 

I was collected in a 600*ml plastic bagai part of the 
'collecting and freezing bag system* and then 
« prepared for freezing (Fig. 2 ind 4). After 
ctiUTtfugation of the whole bag system at 600 X g 
: for IS minutes, the supernatant plasma w&s 
transferred to a separate bag which wastheniesled 
I offend stored it -20 C until needed for the thaw. 
* lug process. To the leukocyte sediment 190 ml] the 
1 



J Kcnwai Libi., Deerfidd, It. 
' fl Union Carbide. Chieaco, It. 



Mint volume of 209* DMSO In S»MEM 
(Minimum Essential Medium whh Earless salt 
without L-gJutimini) was added so that the result* 
ing total volume was 1 60 ml, and the Anal DMSO 
concentration was 10 ptr cent. The cell suspension 
was then transferred to the freezing bag which was 
sealed off for freezing. 

The freezing bag wot sandwiched between two 
copper plates (I*cm distinct) and frozen in an 
automatically controlled freezer? at a cooling rale 
of I to 2 C per minute down to -40 C, then of 7 C 
per minute d own to - 1 30 C. The bag was stored for 
2a hours in the gneous phase of liquid nitrogen, 
then transferred into the liquid phase Tor 
prolonged preservation. 

Thawing of the frozen tell suspension was 
performed within one minute In a watcrbath at 
92 C t In order to minimize exposure time of 



% Cryoion. Midden Beemtier, The Netherlands 



i 



J 



296 



CRYOPRESEAVATiO* OF STEM CEUS 



hemopoietic item ctlli to DM SO which wai found 
to be ittm ctl) toxic above 0 C." Immediately 
afterwards the frttring bag At well ai the bog 
containing the thawed plsima were connected to 
the "washing bag lyitem" for tnlxinc both fluid! 
(Fig. 3 and 4). After eentrlfugatlon of the whole 
bag lyjtcm at 600 X f at 10 C for 15 minvtci, the 
supernatant fluid wai transferred to the waste bag. 
Tha ocll sediment was reiuspended In about 500 ml 
S»MEM. Thii procedure wai repeated onoc to 
eliminate almost all DMSO. The final cell 
sodlmant WAS made ready for tranifution into the 
recipient by retuspending In about 50 ml S- 
MEM. 

For determination of the quantity and viability 
of blood stem calls, heparlnlzed venous blood 
wmplca and leukaphcrulnierivcd Uukocytei were 
separated over a Ficoll-lsopaque gradient. Mono* 
nuclear colli (MNC) were collected at the interface, 
washed twice, and rCiuipcnded in culture medium 
which wai prepared as follows: 60 ml S-MEM were 
mixed with 20 ml fetal calf ternm and supplemented 

Olbco, Grand Island, NY. 



Fto, 3. T hewing- and 
w*thlpg-b»a »yn«m, *. 
Thawed amologoui plasma, 
b. Wans. e. Medium. 1.000 
ml. d. Fretting bag. ISO ml 
thawed cell tuipcnilon. 



with 0.4 mi MEM vitamins." 1.0 ml of 100 roM TC 
■odium pyruvate,** 0.04 ml or a 42-mg oer rrd 
eolation of DL^erine/* 1.4 ml of 200 m ^ 
l-glutamine 0.16 ml or a 1 0-mg per ml solution 
of L-aiparaglne, 0.8 ml of MEM amino acid* 
»olution~50x,«* o.4 ml of nonessential amino 
acids solutlon-iOOV* 9.000 IV of penicillin, and 
8 mg of streptomycin diiiolved in 0.8 ml &>MEM. 
The cryoprescn/cd and thawed cell suipeuston %a* 
prepared (or plating without FieolUiopaque are* 
dfent cenlrlfugallon. 

For the measurement of colony-forming unlu 
(CFUc), a modification of the soft agar culture 
technique wai employed. 2 The cell suspention. 
containing 0.3% agar, was mixed in 35-mm Petri 
dishes with colony-stimulaiing activity, usinf 
human placental conditioned medium (15% v \\ 
is described by Burgess ti al. s The culture diihei 
were incubated for 10 days in a 100 per cem 
humidified ■tmofphere at 37 C with $% CO ; . 

Culturu were »t up in triplicate at three 
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diffcmni cell concentration! (0.25, 0.3 and I X 10 
MNC per dlih). Colonic*, defined ai aggregate! 
viih more then 50 ccili. were counted uiing a 
sufco-micrcicope t\ 5QX. For morpholopcal 
cluilGcatlon, colonlei were picked up wlih 
a modified Pasteur plptuc end placed on micro- 
itope Blldei, mined with 0.03% acrldtne orangi 
dlitoive* in i1»ub culture medium, and examined 
at 400X magnification with ultraviolet light. 

RcffUlti 

Ta*le 1 indicate! theefflekney of the meibodfor 
cryopreiervatlon of blood a tarn calla. The number 
of MNC and CFUc before and after cryopwrva- 
tion art the mean vnluai obtelnid from 20 
individual leukaphereees. The man number or 
MNC and CFUc collected par run wae 11.3 X 10 
and 7i X 10\ rtipectively. The correiponding 
values after frccting. thawing, and waehlng were 
IOjO X 10 9 and 6.9 X 10\ The mean recovery of 



MNCwai 89.7 per cant and thatofCFUe.95.7 per 
cent. The peroenuge of granulocyte! contaminat- 
ing the collected leukocyte* wai about 10 per eenL 
Clumping of celU durin| the DMSO waihoui 
procedure wai not obiervod for at Itait ona hour 
after thawing. The mean ilorage time wai 16.4 
dayi. In the original call luiptrulon and in the 
cryoprtiervcd. thawed, and waihed caU luipen- 
iton ( colonlei were Ideottfled morphologically. 
About 80 per cent of the cells could bi recognized 
M differentiating neutrophil!, including mature 
polymorphonuclear Icukocytei. Colonlu regu- 
larly contained mora than 30 eelti in both nailve 
*nd proceued cell luipenitonf. 

Seven different donon underwent three icquen- 
tial four-hour ltukaphereiei on dayi 0, 2, and 4. 
The procedure! ware well tolerated without any 
exception. Teklng the man number or blood cell! 
per mI Just before omei of the flnt Itukaphercau ai 
100 per cent, no ilgmneant change in the mean 
MNC, PMN and KBC conantritlon wai 



Table 1. WW of MNC and CFUo from 20 LouXepAO'e i/a P/DoctfufW_ 



Batore Cryopreiervatlon 



AUor Cryopraaefvation 



* recodify 



MNC X 10* CFUc X 10* MNC X 10* CFUc * 10* 



MNC 



Mean 

SO 

Range 



11.3 
5-13 



7.5 
±4.4 
1-14 



10.0 
±2.2 
4-14 



6.0 

±3.6 
1-13 



CFUc 

Q521 

±135 
67-132 



Moan atoraoe time (daye): 18.4 ± 6.0 SO 
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measured prior to etch subsequent Icukapheresll. 
A significant decrease in the mean platelet 
concentration of 36J per cent (p < 0.005) was 
observed before onset of the third leukaphcresls 
(Table J). 



Discussion 

Cavins tf a/. 5 described the rertoration of 
normal hemopoietic function in lethally 
Irradiated dogs by means of autologovi 
transfusion of cryopreaerved hemopoietic 
blood item celb. These early observations 
were extended by systematic preclinical 
studies in our group. In the autologous 
situation, transfusion of ltukaphcresif-de- 
rived and eryoprcserved Wood MNC into 
lethally irradiated dogs resulted regularly in a 
'complete and permanent restoration of 
hemopoiesis. 

We have been able to obtain and 
cryopreserve large quantities of human 
MNC. The included blood CFUc appear to 
represent pluripotent hemopoietic stem cells 
which could be used In the treatment of 
hemopoietic failure in nan. This concept has 
been applied for the reversal of blast-cell crisis 
in patients suffering from chronic myelocytic 
leukemia. 10 The number of cryopreserved, 
thawed, and washed CFUc that should be 
present in a blood leukocyte suspension to 
guarantee complete and permanent r (genera* 
tlon of an aplaitic bona marrow Ilea between 
20,000 and 40,000 per kg body weight. 
Therefore, sufficient MNC and CFUc cell 



doses for expected engreftment of a 7o-kg 
Adult can be obtained from two to three 
leukaphcreses. Under these conditions, 
sultent cell collection from each leukapheresis 
can be frozen, stored, thawed and admlnis- 
tared separately one bag aAer the other 
Without delay. 

As described elsewhere,'* a single four-hour 
continuous-flow leukaphereiia does not signi- 
ficantly affect the donor's blood cell concen- 
tration, which includes MNC. CFUc, PMN 
*nd RBC. The mean platelet concentration, 
however, decreased significantly by 28 per 
cent (on the average) in 35 tingle runs, 
Furthermore, wc could demonstrate that the 
impact of three sequential leukaphcreses on 
the same donor ii little. Nevertheless, the 
donor's blood platelet concentration which 
never was seen below 100,000 per pi, must be 
considered as a limiting factor for leuka* 
phercsts and must be checked carefully. 

Studies sire under way to find out possible 
ways of increasing the output of CFUc per 
leukapheresis. In man, after high-dose pulse 
chemotherapy a rapid and greatly overshoot- 
ing expansion of the peripheral blood CFUc 
pool occurs between the sixth and fourteenth 
day, 1 * In the dog It was shown that the 
administration of dextran sulfate (15 mg per 
kg body weight) causes a tenfold increase in 
blood CFUc concentration. 1 * Zander et al xl 
observed similar effects on blood CFUc 
concentration after pyran administration In 
mice and dogs. 



Table 2. Plitfltt Rispcnu to 7hr*% $ucctt$lv* Ui/fcap/ieras/s Proeedi/rei 



Donor 


First 


Second 




Third 




platelets (xiOVjil) 


p1at(xi6V„l) 


SbehanoV 


plat.<xio>/ M |) 


% chance 


HAeh. 


224.0 


253.0 


•M7.4 


116.0 


-17.0 


H.O, 


334.0 


223.0 


-33.2 


205.0 


-45.6 


RX 


225.0 


110.0 


-31.1 


160.0 


-33.3 


H.Q. 


302.$ 


137,5 


-47.9 


167.5 


-44,6 


T.E. 


270.0 


317.6 


+17.6 


162.5 


-32,4 


R.3L " 


4250 


310.0 


-27.1 


217.3 


-46.6 


Q.W. 


3274 


170.0 


-45.1 


106.0 


-404 


mean 

SD 


301.1 
±70.8 


221.5 
*7S.S 




169.2 
122.7 


proa 

£10.4 




x50i 
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• # The length of storage time appears to be of 
- c0 mequen« for the recovery tncj viability 
If the thawed CFUc. provided that the ctils 
V« stored In the liquid phase of nitrogen at 
:^196 C Theae experiences are In contrast to 
>; hoie of Appelbaum rf at 1 who found a 
'relationship between storage time and 

i&irafunt abilh y of lr *™ fu|ed ctrunc 
p^row cells. However, the ceila In their 
Hudiei wert cryopf eserved in the vapor phase 
of liquid nitrogen. 

The present results indicate that there is 
only a small low in the number of cells or In 
all viability after cryoprcservation, thawing, 
md washing of leukaphcresls-derived human 
MUC, High recovery of both MNC and 
CFUc after cryopreiervation can be altrib- 
vied to collection of a granulocyt^poor 
leukocyte suspension, which avoids cell- 
clumping as often observed In frown and 
ihawed blood leukocyte suspensions during 
;he DMSO wash-out procedure. 

The data presented provide evidence that 
the collection and cryoprmrvatioo of 
significant stem cell numbers from the blood 
It feasible and practical under blood banking 
conditions. Particularly in the autologous 
situation, the transfusion of stored viable 
hemopoietic stem cells might allow Intensifi- 
cation of chemotherapy In patients with solid 
wmon or prolongation of the remiiiion 
phase in patients with chronic myelocytic 
leukemia after cytotoxic treatment. The 
possible therapeutic use of stored blood stem 
cells is dependent on their collection by simple 
means without risk to the donor and on their 
efficient cryoprcservation without lost of ceil 
number and viability. Stem cell collection is 
possible with a blood cell separator and can 
be done like any other blood donation 
procedure on a continuous-flow centrifuge. It 
it envisaged that blood stem cell transfusion 
may well become in the future a firmly 
established method of blood banking. 
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